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The vnwk feitiksng m th^s uivenui^'i: jjupponed sn pan b> Nau^^na^ 
cntUied \;ertv.^m n^his m the smcnUon 

In ih^ max s.«vmu investigators reported th« bmdiag of htgh mo^srcuhij' 

"Mem^to^assocjaicd DNA srt the «.-vmf>lis,5nofdipiosd hWk^jj fjitiphotyies" ^*nK Kn;! 
Ai-ud Sci VX4 6¥ /J/J; A^jrmv^i, S.k , R,W. W^isgwr, P,K. McAiUster and U R*^<$«nber|; 
1 ^75 'Ccl^surta,i.e^te5<.Kssts1 nticleic a«.id t^im^ngtmc cells mjaJe vmWi? with pMinym^ 
pvnoiKlm^r eompk-tes by electron nitcFoscopy" Fri>c ^'mi Acad Sci USA ^2 92S) k 
l^fSS B^mm &t al presenJ«d the firsl evidence tliai DNA bmiJbg ro fvi^phocyies b skisibr 
lo a hgmd fficeptM mtcracdosi: birskling is salwabk. <;CfE3fxH:£tjve, arsd kmis to DNA 
eml<K:>tois and degrasJMion ^EfJim&tt. K.?^t, G T. Gak-^r, MM. Mssntt J «)S5, "DNA 
b-is^dmg 6<? human icukoevTes Kvkknc^r f<?t a treceptor^medsaEcJ a^-Kktstin, snrsmaJiKSitkin. 
andd«^r^.SJtonofE>NA". J. Clia "^6.21821 IJke DNA. oiigodaWritonudeoti^Ses 

i;Ol>Ns> an: latale.to enter telb in a satutabk, sei^uierK:^; kKfet^i'sid^^nL wd mn^mim atid 

upjake of mm<iTiBf; si tgtKJeoxyiiiiL-kfttiiks" Adv^nc^d [Mu^ Deih^n Reviews 6. 2^5 . 
M^kKs, S.. V. Shoju and K.L Jishano i^^Z ''Fteisaeeuuc^ ^pftcta of Jive bjoK>gical 

E.& g uMaOJS; , . Oii^l . ag>:..^.f .i,\a.U£g| ^ifc,RMA , a tsd il^ B.P Ersckson, IG. Izant, eds. Raven 
Pr^ss, Ltd- New York,/^?. iJi; as^dZliso, Q.. I. Wa^dsetoMt E Fisher. C.J. Herrm, and 
A-M. Kdeg,, 1 994 "Stage spe-cifsc oltgofi^clcofide \ip?tS.e m bone m&mjw B cell 

precursors*' ^AW, 84-366Ct) No r¥c«ptor fof DHA or OI>N ispi&ke h^i% yet besTi cfeom;d. aiKl 
A is tMt yet clear ^-better ODN bjidiag atvd e«U uptake occurs thr<-5ttgfe the ^^mc or a different 
mechaiisstij from that of "high mislecAtMr vwight DHA 

i vmptKKyijer ODN uptake h^s been sh^wn lo be t-egMk^ed by ccE activatjcsfs. 
Sp^(^i celh stettiJated wills the B tcO mitogen LPS hM ^m\Mic^\y enteiced ODN uptake 



SyBSTTRITE SHEET (ROLE 26) 



m the B ceJ3 popubim wkib spleen kUs e«at^ vsitk ihe T cell ittrtate» C»b A showed 
eahancesd OUH upS^e by T hm noi B e-elb ^Xrieg, A M„ F. Omehg^Meylmg, MF, Gowrky, 
W.J, Kiisch, L.A. Chrisey, md A.D, Srsmfe^. 19<SL ""Uptake of oUgod«siX>'«ki«wlecittdes 
Ijj Is j-^jj]x>id eeOii is helerogcmrdU* M\d indticibis"* .^iP^'jreJsst' Rss:e£!rch itnd Be>^ii?p^s^nt 
5 I: Mil 



Sevml poiy»iicle©tides have be«at exteasively evgiya-ie<l as |>io3ogical 
response modifier?;, Fejttaiis the best ej^arsiple p^,>ty ( ) wtucli is a poteist inducer of ITN 
10 pr&dyction a$ w«U as a m^mphage activauir and inducer of KK aetKiJy fTaimadge» i.E>, J. 
Adms, H Phiiitps, M. Comm. B, tetu, hi. S-chiveitlejr. E, Schlick, R Ruffmaaa 
Wiltrout. and MA, Cbmgtss. 1^85 'ImiaurasirNKldaloo' eltem m of poiysMSiisk- 

105^: ^'iltfout, RH.,R,R. f^alup. CA Twi|]ey,and J E Talsiadgc, mS, 

4.512, KriiwiL S.I: I^S^s ^'kSfirfcTDns ted ffifed^rcjfli tfsducm m cmcst G-eatetistm", 
Oncol 13^207: aM Bv,<ei, Cii, S J- Urfea. WX\ Kopp. J.W, Smith II, R O, J L i\.oss\i>. 
D.L. l^ongo, M L Josies. W,G AJvoid, CM FtiJsky, J.M. Beveiidgs, K.L, McNiU. and S.P. 
Creekmis-e "Polyi.ftt>msc-pctycyttdyiic a^-sd completed v^itli po3>-L-^y5me a&d 

SO carboxyBieShy]c«IU4iose coaibinatiou witti kterl^ukm 2 m fmtteats^ wiEb cancer, difij'!^! 
and £mm^>logk.al effects", Cmc Res $2JiM)Sl a|)pears ?feat this fflttriae NK acts vation 
tnsy be due solely to induction of JFN p ?scrgiioa (lAtkav,-^ R,, «nd C A Birea. \99'^. "Wn 
ii^iduction and sm^x^talsd chan.ges in spktiic tettkocyte distributaon"'. J. Immum! iSOJ"}S). 
Thh 4Ctiv,3tK)ii was ^sf^cific tbf tfxr rsbo.-sG ssig^r ssnce <kox>t5h>s« was. iiKffectn'c. Ik pomxl 

25 in. mXiitmiOt .activity ted tot dirlie.?il trials tising poly 0,C) comp§«rxed -with poly- 

L-ly^i-je <MK^ (lajtwxymedsylceRitksfi Ito redtics degradauan by RNAae) (Tal?m^dg«, l-B.. ei 
al„ cited i-tipm: Wdsrout, R,.H.. ct ai., I9S5, oii^ supra); Kmm S t., 1986, cited 
$ui)m}\ and EweU C.B., et a3.. 1992. cited supm). Uaft^itumssly, toxsc side effects Isave tliku.% 
fsT prevenw;4 p^sty {LC) fejm becoming a useful tlisrapeutsc agSRl 

30 

GtiaRsn* rsbofiycieotides substituted at ihe C8 pogjiion v.itli estber a bminine 
or a tMol gtoy^f ^sre B ceM miiogens and ms.y replace "B eel! dif!ef«niiatk>n tamr^" 
^Feldbiish, T.L,. &S)d Z.K. Bailas, 1985, 'Xympl-vi3kii>e-hke activity of S-ntercaptogtjanasipe. 
induce™ of T md Bc^Odsffcrfet'sti&tbR'' J immmml IJ4 J^if?^; and Goodm^, MG 
3S "Mscl-ianism of syn^fgy between T «rH sigsals sw^tJ C8-.sul>stita4ed gtsamite nttclectsiik^j in 
hyrrsfjr^ tmmujiity; B ivsttpJiot^opic cytokiae-s mdv?C'^ f^spoas-W-ftt^s^ to 

a!so can s,sifesiitote ht ihe c> oto requirtj^Kciit for ih«j geoetatiott <5f MTIC re*-dcied CTL 



C 1 M^taik, N H Sigitl. md L W scker } ' Acuvatn r of munBc aatwal kiOer cePs 

5 *ttnaJ«d kiikr (L AKi oells \ S-^Jem>plogaafiMO fte a>. ^ti Jl '2'S|>anng age«r 1 

ii^if at;rat}<n^' J irf^niMfioi ' 4 1 3f-24 i The and 4k augn Lentsrsg ^-ts ^ siaes o-f Uic^e C'^l^ 
subslstutfid gii4ttx> sm* Spp*ar lo bs? dite U> Ibeif rs^luotioji of I^N lTlW'«|iSa R A , ef a] 

^'viiS to^md to be raitt>y«uc ftsr a #^sbsd of femiajt '*b T i^e^j. i^CoTssiajw, F J , l>.svod«^y, M - 

h\m 3J5 vo I celt" b>* tKinpentsdtc isncobactena' hgands ' to^s^^c 1 This report 

m^KiiteJ the possibilm that ihe immitne s> tstt^ ma^ have evuived m jy<i. ut preset^nis^ilh 

Several i Hsenat3?*n^ isg^e^t tlut certain t>\A uawHffss ina> sklm have ths 

1>N 4 o^^mp^e: ,es. ("hiJt noi ndked DN'A^ s^pi^n «13 supematat^s. caused B cell prtiiifemtson 
and Ei ^muji^-'gV^bdsnvo^ni.in 1 Bdl DA,li Mimscsn. Vai>iJe;fiB> gaart l<>^ 
ImttiiuiLgejii^. EtNA-Rjkied f^ctikMx' / ciin. Mw^; /-^^n hi ihtt amt-^ n^ktd V^>iA 
2§ lu: b«^« repoitei to ha\€ atmrutte eifeefe Forexmsple, Me-5<smi ?i ^ have receasiv 

for B celb i Ms-^sina, J l\, C S Gdkesoa^ as d O S Psset^?k>' I "Jh^ i«Baence P-i ON A 

pt.iJ>giui,teoUvie^msgc5ia*, Cf// Mmu i-} '-f^ }*,H) Ickma^s, e-caJ hJ^ve reported that d<T# 
2S isjdwe** >'IFK md MK ^Otivitj- (Tokofi^ga, S Yjsmamol . and K N^)ba "A 

ksRi^ aciivuj and stiff re se^ mtst r gro^lh" Jpn J i. V«t tr iW^.^i Assd« rr??m ^ud5 

del «tab^e a iriiPUiK efJecii bta* tlui C>N A fern csnaiji bacitfrm mdtsces B cs'U ttcinatkon ^ 

"SttmuWtKm <>t i? munne Ivmpbocne prohtemsv^n h> baclmal D\A ' /mmum! 
!'i7 2''S A^uRTifig thai th,esc datJ did sim rr&u-i fro i some unix^^ua] co, l^ismmatns, ttese 
^lidtes suggested that a paittculai ,%iswmre or other c*\arai:Sg^ftjc; bacterial DNA rrodere n 
capabk wt tngjjeilr^ B cell actnatsoR EnvesttgatK m Sjvcf>bac^ffna3 DNA sequsnce^! ha^t- 
35 dfnicnij.tratecl that ODN which cotif® it LiefLiin iXilsr^lfOJiK? i^queneers citi^ acts\dt-e NK ceJI^i 

%m%imm miwr pyiE m 



Tofcunaga, 199'^. "OUgoiaueleoiatle seau^nce* rec^uired for natarsi killer os3^ acrivssion" Jpn 
J Carter M^s, $S //B*), 

Se-vetal phoSpbomtMoatJS^ mcdiiie^^ ODN have heesi rejx>tti;d lo imluce ki \it^> 

stattalatfes B eeli DNA synthssis, md lalublts mmiuKogbbulm secte^i^.>^J'^ J Exp M^^d 
/ 7S:397'^ Utm^ RJ- , , A.L. Mwffi. L, Matfeews. J J. McCi^rmatk, and Cj 2m, im, 
"ttBtnuBE stuTiuklf6>n by ^ a«ts^«t^se o^gosBer mtnpkTRentarf to the rev gens' of HJV-l". 

Kunsch, II,M> S&rmtento, J,D Larigaa, K T, LatKlretii, and R NitrayamiJ "A seMe 

pho^horatlisoat^ ohf^ofiucteoiMe itsfectftd to th* mstjsto5^ codo« of tr^tscripttosTi factor KF^k 
}J T65 caiisss sequcnce'spscEfic immitrse stimulation''. '^?3fis^mt- /fej Di'veh'-p S Ml-'k at^d 
Ftsetskv, D S > ai^d C.F, Rekh, 1993. "SttmtdsttoB of mtihiRe |y'jiftpb>t)'i:£ proHffemtk>n by a 
pkospfe6»x5tl^i>aie oligt>R^i<.i&£>tk1e w^tb Mtis«ii&<; aeljvity for herpes simpkx vims". Ufe 

fi*kis-sem in ^ss<i^ ODK that iiught explam ilaesf efifecti. 



The cAMF pssspome element Nrsttiftg protesa fCREB) asid actjvstiag 
traiiscriptson factor ^ATF} or CREBMTF family of trmssHptioji factors i,^ g yb^ttttouslj 
«iSpiT««5«ri;^ eSass of tmi^scriptton fsiCtors of which 1 1 raeKsbers ha^^e se,t far feeeft clfsned 
(revsevwd ife d<: Cm>of, R.F.„ aiid P. Sas«oae*C«?t$i; "f ienttona^ ccRtroS of gene expressjon; 
MsiltiplsiTsn iSfiiJ vrrSisSilsiy of evolk ftcHem'^m^' 3^5''mc^il«>pfeos|}llale-fe•sp^>EiS!V« nuclear 

rfcgUlatscT^ bv CRHB Sjfsd iH Ti;hu^vs" Biaehm. Biopkys Acta 1174:22^ 19^3 \ Tbey aJ) 
be^oRg ta the basse rej,ioEi1eEK:me ^ippef fbZip) class of !W(st«ias, Ail s:tlh appear to express 
oa« Of siKsrc CSl£.B/ATF proteins, but Jbe mecibeys expre-ssed mi the tegulaiscm of mKN A 
spJscijjg spffear tc bs iiss.tji?'Sp«?cific Diffefeittial sphmg of afitivatkm tlomaiBS c«a 
dst«mime whetber a particular CREWAlT pmtem wiU be a tramcriptjooal SBhibi^osr or 
activator- Mmy CRBS/ATF prs^tetss acdvate vjmJ tt^scription.. bust some sphcitig vgi-sanis 
which laci the act^v-assoti domam are lahtbit^ ry. CREB^ATF p?otdjis can bmd DNA a.s 
feoB^o- or heteto* dimers thKJug.h the cAM? response ekment, the CRE, the coasc-ns^js form 
of which is the unmethylat^s) sec^ueiice TGACGTC fbibdsag ss ^bolisbed if li^^" CpG is 
6W^ylate4) (Igxjchi- Ari^n, MAI ^ m^l W. ScbSkMier; "CpG methylatiora of the cAMP- 
r;$pcmssv« cohanccj^pmRiO^i?? S!<^ti«;Vvft TOACGTCA abolishes ispgcifk fMAtn InMiag m 



llie £fm^«ptk->mi a^Jtii*it>' of tfce CRE ka^s-a^ duriisg E csli activation 
fXie, K, T.C, CMles., T.L. K&th^is- "iadiiction of CREB mMnty the sudace Ig 

S xije expj^$sk'n of muJtipie gmes thujuglj ijje CIlB iaciiHiiitg tmrnmsfitlogicaHy impoe^t 
genes $u£h as fos. jut^ KM . 11^3 ff^-'ukada, J.. K. Smm, W.fL Watsws^ft, A,C. 
W&bb, and f.E, kiwoiv "Ttmsmptim immrs Hl'-llJi md CREB r^Jgabse * commofi 
e&^ati^ii site m the human prouissrkitkk S |J ge^im". Moi. C^H Mioi J4:12nS, im; Ckay. 
tj.D., O.M. HemaJMkif, !>. Hebd, M. Root, J.M, Po'».<-Smg, and E. Wickstrm: *\Antisej3se 
10 DNA inhabitaors ot tw^jot frowtli t3idu£«d by c-Ha-ras 0OC0gaie m »utk mice". Cancer Res 
1 IFN^p (Du. W., ajsl T, Mamafis- "An ATF/CRIB Mmiwig Me fmVim i$ 
rsq«;Tf{i vtms mdtjctaon of tiie bumsra iBierfeion B ge^ae*", Proe. N^il Actui Sci USA 

i CREB pitnems and of MI>Bf* to comiguous sties dowRssysj^^i <*f feumsj^ ICF-Bl g^tte" 
15 BiiKhm BMpHvs Ada !n<^6$, im.). JG¥^1. daaa If MHC K^ox, I* M., ami CR. 

O-i^la^g ' An ATF,<CE?£B buidtng roolil requytsd for abeiiant exiBststedv* exp^^ssma of 
Ui« MBC^ cl*s*. II DRs promoter and amvajtcjti fe^y SV40 T-atttlgsa'\ Mud Acids Res. 
2ii 4M U}^92 ), F-^l«clta» GM-CSF, CD-8a, the fett»ls»e Iga oonsteit rtgion gme, Uis 
TTK Vf^ geftc. !Md titf jmsltferatiag ceil tjucleser antigeiti (Htj^, D , F.M Sbjpina»" 
20 App^m>, OJ 0?m S,K Htnrfchs, Mtd l^sJ^jwsky; "PiremoteT miv^- of tlie 

prnhferatin^^ceil audea? mUgm gm^ iS assoctalsd with sndueibEe CRE-bbdii% pyot«tJ5^ le 
intektiKm 2"Stimuki?d riyniphoej^' Ahi C^ll Bii>l I4-423i, JW). la addjtiots to 
aettvatjosj totsu^h the cAMP psathwaj» CRFB trnx aiso «tediat«- ttaascnpttonaJ responses io 

25 ''Kf^bRto ikpolanzatton ajid c^caum tjsdibnc: c-toss {i*nSc3iptio-B via phosphotytarifni of 

Ihe ti<^t ot prtsteifi-ptmem tuteiactsoas in tswjsc^iption&l *ctJvMion b} 
CREB ATF protewis appears to be extfeteeh tmportani Acmatiosi ijf CRBS sJituugh the 
^0 csxLic patfewBT requires p^ftein kmase A iVKA\ wba^it pbosphorj-iasss CEHB^ ' on 
and aM st io |>t'3d to a recently doKK^ii rtrotem, CBP (Kwok, R P S J R Lttodbtisd, 
10 CtosiA,LP Rich^s.H.P Bachingfir,RG B^reamsi. SXIE R<>beits, M R Gkssi, and 
R,l i vJejc^maft "Nujcbar proton CPP is a ooactivator for the ^:sascrsj>U<>a factor CRFB"" 

a£5or»taC(Ei awcW^ factor" .V^jfti^^^ ?'^(f.22:b. t CBP sts ^^H^^3 tasei^u* w-itfe th^ h^*<aJ 
tmftscnptjoa factoi IFILS cauasag mcreased traasoipUtm, CRFS &§so feas beeis repotted to 
iat«?ac{ wiib d| AF{| UO, a I Al A b-ts^dtag pfC(taft-as«o*itat«id factor wttose bjMrng may 



s^gulate iranscnpiion if K.-, 0 C II, ^ hi Mwimunj . "Tbe cAMP-refuIsted 
transcnptsOR factor CRFB mter^ts ¥^th a cm iK>tte»t the IFOD e=ompJe\" F^-cc Saii 

speafesll) bind multif^'S other Biwieat tactsws itk e^ef, i.J* , J W iustbasier, at>ii C 
$ Ctisn ^'IdesititlcaSiap i f midttpk nuclesr fertors that mlSTact with eyciic adcnc&mc ^,5 - 
moEuphusphate respoisse ekiMsit-bindiisg prat^m and acti-vatiBg trsniscriptictfi SsifJOt-^ 
protcm-protcui mli^tioti.^", Mai Efid&cnm^l ^.255, ) b«t Jive bst>k>gt£. .^gmfscance 
most tif iive^« i«ter4«t5(. usiaio }ij m^jmally tlietjgbi t.>j hisd 1>KA either a 

isumixisiner osf as a ^ eteraduQer with se>^-fal o-tlier jsoteass Syr|s^istagi> , CREB ETMSnOEiKsf^j 

derivative of che c^'Ualar imE^,cs»pisaR factor CKHB furactjoiss as a coastjtunv^ acuvator 
.i^; t.>/i' i-? 7204, m4 > 

A*iae firt>m «3etT cnti>;4l role m rc^d^tts ^ ceE\{iar tt^sicrspunjin. t^eceiit^v 
13 been *!JtLnvn tlia? CRFEi ATT isnotsrins are- subverterf some aifectii^us vtmses bikJ 

Pstftn 6tm-es, uh^ch i^i|iisj'e ihsm for vifal ffi|>ljca o ^ For exatiiiplej lh& cviosi ■sga^oviras 
smmedial? ear^y pmmoter, oac f tEe strongest kruDwrt mssoimajiaai psDmoi-erSv s^miiu 
elevej^ copies of the CRE which ar RMt for pttinioter fuitcttoti H'teag, Y 'N , S 
Crawtcfd. J Stall D R Rais^to^ k.-! . J«mg, siod C S Hayv^sard *l!tt; pdmoroEnic $mss I 

basal ehbsBcefs md cyeiK AMI rsspom? e^ets ©bis'' ^'tnn M ^t>4, 19^*0; At karl 'w^me 
of tlie Erai scnptiotml ac?jvamif efecss of the s(km?vsrus HI A protem^ v,hich mdise«s rs^asj^ 
from^^iei^. du?- w Its btadx. ^ t?> the DNA bstidMJt, domatrj ot^c CRFB^ ATF p-tx teirs, 

birtdmg domatnii*^ Nm'i's S6S 530, 1 W) It hiis ^^Js-O b^^^s'5 sv.3ggestei{ ^ktt Fl A bu d* to il^*; 
t^llFB-brnJisig, f fatem. CBI (*\.rBny. Z Wi^: SeSiers. D.y Lavmgstosi and K Eckn«r 
■^Fl A-v^Ae5i*teiJ p^OO CltLiJ-ss<.<vctat£d CBF bslortg to a coaserved fan K ot 
coacUvators", r?:7<*9, Huimn T htssphata^pi* vum-UHll« V-l K the r^rtronm* 

30 wiuch. caiises human T kuksania tfopiwl upmuc pmtsxii. also neqmres CREB'ATF 
pFOteins for repheation- io sJms c^sCj the petrovis-m ^Kxidiices. -a proisai,, lax, v^itcb binds to 
CREB^ATF pwtsiss aivd redii^cts thsm fej-ra their normal ceOular binding sites to differeTS^ 
DNA sequences (fIsmketJ bv G- feed C-rieb seqii«nc««^ psegssii wjtbin the l-OXV 
trmscnptional eiihanoer (Paca-Oc{;ara.krtk-un„ S , L ~L Zhm. N, Adj**, J,V Cross, 

35 Culksi^ LM, Bcjias, md C -Z, Cnmir, viTO sekctson of DHA«kmects highly r^jspoEssi^e 
to th« hrniKMi T-ccll lyitjishotftspic vtnu type I owscriptbaal actsvasor, Tas*'. h4i}l. Cd! Biul 
M'A5% I^V4, Adya. N., L -J- Zhac, Huang. I. B«ros, aitsi C.^Z. Gi&ai. "Es|jajisioii of 
CliEB's DNA recofmiion spccttioitv by lax reMttyi mt^f^iiofi wuh AJs-Ah-Arg at 



The mstmt m'tmwri i^; Hawtj cr site fmuitng ttwt csritasn ^slt^i.^nyvicoUdca 
evidenced b\ m visrv and m ddt^ Ba.^i ihjb ils^itng. ihe rav^smi.^ts leAtarei. in ctse 

syrithetsc, bet>^'e«'H 2 to ^ 0<.i base ^as^ site and contains a c„>R:«nm-. m^^o^en^c Cpf, m^-^^l^ 
r«preseitte-d by the: lormya; 

a GCG trsitticliesstKk sequa-rsce i«t mi prefers? a« oi max tluc 5 gytid 3 tcnuma 

>x>f ficihti^tifig upsake mta cei^s, CpO coutaimsig smroa^ostimubrorv 
o.j^ortJuSwt dss aitf preterabh- m the' ra«;^6? of S to 40 base pair^ tei :ji.'e Prclt->nged 
RniBunosi^n^uk««rn can be oHaiised ysipg subjh,^jed {3hgf>niiUo,>tide*. partacukvly 

h^n odsmeJ w-tene X,Xj the ds.5iucim3d<: OpA Jsild i^r X^\^ the ttouclcoJide etkv s 
pr^^frrabh 1 or siso JpT hwti-Kr enhaa^ed tmffluiiostimulsk>f>^ a^tnin been 
c^b'smed ^there the coi^^niu-^ nx^tif XeX;CGX>X! preceded on the 5" eod K a 1 

the immitoos^imuiator^ actust^ tiw; o^jgot5ucleoude<. example, hmphficytes can esiher 
be obt^tijed &om a subject and sMtnu^*st©d t-r vi%<o upon ti^«t4ct v^ith aji apprt^pnate 
dligoniicJsotKk, or a nors-meth> htti4 CpG coniaifuB^ ohgof^uc^mtsdi? tan be adKim3.«ered h-^ 
a subjsc-t 10 tactiitaJe m vn o acctvatiotj f^f a ssibf ecr-^ lymph^Tcytes Actuated Htjij h<>{:>te^ 
stitnu^alfid bj she ttielK^dN de^o^ihed hcrem ^±st tjr vn-o m ^>t^<>^, ih>o^% a 
s.ubject's imm^iae fe<?p>cj?js.e Tbe inim^sm.^tstRiJ.latm' f>lJgOE3«i5r!«?atsd*?a o^n the-iffore be uieni 
to t?eat, piT^eBl or amiebcHrat'e ars iinnsisne ■sjstm delicsetK) g.j, ttiiaor fir j^mk^t a 
vtral, Kvt }«nai or parasjtii; irsftt lian m i ss^lrj^ct lis adtJsti.^n., igrmuijoslimulaum, 



cell's aruei tiis c^J c^!.U, Mipsis.<;t;> a Util3t\ Km trevm^ J?y>.sm<3 sn.re^ss^j! Lhe 

mars el ihs K'^vJ*'' C4J-borss aiK^ tv^,cs Kjtoogssis comrnatjg the cnossp-^ '^iTi Tr<«mb£t rssg o3 !s? 
I S one mow o: Tisf cjibon^ ai^J tVur mm'^gefJ:^ ciimpn^irg the j^uasi-me mn- niemher 

It- a "'omri a^T^Ct, the mv^nts-^r, r5;4lJtc^ iisehi; u<.,p,g the r^e^lra. 

c^igOTUSi-ieo^tiJei For ev^u^pk^ 5r % ■.iiimm'S'J-^lyor] of Ti^wfT^^ t^'t^oniJcScolkje'^ should 

juk-uimure i:is.casci. wKjcN are CAU^*!>j iMf exacerhacei b-v ihc pre¥ea,:e of i^^cth} Ss^ed CpG 
vivt^ ar^ thsr^inre v«.<>olJ ^^te- Ui^^ coirespofjdtisg umriedivlai^d oUgc^tJUclectsdei 

25 

U a fsnfc aspect, the m^^etton features ^'«^??!J«a^>^>'^'fErof-.'^^/^i:f^^Jyl..>c'^^^^V^" 
%vhich cajjab^e of iis^srfemig wsb the act v ?t> or v iraS or cellular trafiscnpt jon In *s 

pr^rfs-msii cmbodiaicnt, ii:njnusii>saiu!huon obgt?ni^'jcoTjdff? are bsrvv^ers 2 to : HO ^a^^s pairs in 
su'e ansi Ch>nti5ii s .^R$t-ft'5us 5T-.mujf-oinfeabstD]i <"f< mxHi? regire'SEiJ^d b^ the rortmJa 

30 

vbersm X == a t^^ickodde ^4 n «^ m 5>t« range of O-SO. b a picfetTed 

35 

For facilitatmg ufstake mto cslb. immusioiBhibitonf' ohgonycleotides ^sre 
prefcrab-ly m ti^ f^mge of 8 to 40 bass p^ir,^ m S':f-e. Ffoloi^ged^biologic sfts&t.^im b« 
ybu?t>s:d stab;hxe<^ olsgOfiycSeesudss, psrtsc^jarly ph^^^phorothk^ate stabilised 

REOTREDSHEH (RULE 91) 




s of tie mveK^ioa m& become mo?e app^fsns 



IS 

All '^oligoaucleoiid^'' w \>ligo" mea» multiple aueleotides (i.s, 

% a sugar ts.g. ribose or deoxvTiisose) ii^&d to a pbospiiate grot^ asid to 
whick is citiiss- a subsiEtuled pjiimidbe ^ e.g evtasme (CK 
th)™*; (T> Of ttracsl fin) or a substituted pyrine (e ade-nsft^ fA) or guaBiae {G}1 Th« iotj 
20 *'o^ t|.oBus;]sotsde" as used hw.b reJ«rs to hmh o1%orits>aucleoii<ks (ORNs ) SB3d 
0^isia<lK>x>Tdk5nucl<^'?tyes {ODNs). Tfee tmis "oiigDniKleatsde*" sliaJI also imrlsds 
oHgonueJeoaides (Le, mi oOgottucleottde; mtays the phos|:^te) aa<3 my otber aTganie b,ase 
conssiiung polymer. 01fg{>nacieottd«K caJ-J be <3btei(5&d tjf«« existttlg SlUCkk SKtd 
(«.|. gaitjmic or cDN but are prefably .-sraihetk feg. pmduoed by oligonuc4eoad« 



resistaiil to m vivo degradaitoa {e.g. via ati exo- ar OTdo-iiucleass). 1 
oligisnucleotid^s of the uistflflt sjreveRtioa bas's a isi.o<dslied phosphat^r backbo^ie. Bspscially 

30 prefmsd oUg«>Riickotides have a pho?phorotJsioat6 moditkd ptjosphatft bacltix>«e {i m 
kass am of the phosphate ^Kygms is replaced by syjfe) Other stahiJiaed oligoauo^eotides 
mtlxd^: ROmome DHA asialop, s^jch as dkyi- «nd «t?=E' phosiJJioaatcs wfjKh *e charged 
phospboBdte ox> gto tepioo&d b> ^ alkyJ «j ^o'l W^l phosphm^irssssr asd 
■9lkyl|>lwspboCjife^i-t<j-rs.f ir wfescb ifee cbsigsst 0>cyg&G kiuhc^^" is alkj'lated- OligOMtcisotidies 

35 wtech contain a dM, siich as tctraethyknegEycoL oi hexasEthyk^glycc!, at eite or boO". 
termini h&vt also besn siuj^-si to be stiMtmti&liv r 



S cviosme. gium-ne <isnu«ko?Edls se£^n«ni:e and stKs^ubtes is g Eias a misogcRik. effect) 00 

^.^rtebfiite Jvfr.r>hciiyt2. j^eserred smmiuiDstimulsto y ohgi?^y^.J<;|^1:5^l«s (between i to 100 
base pa;rs m ss:^^' aiuJ corstas.i d cor&er5S.us m5Togeri;c CpCi 'siouf rs^resenteii l>> the tormuls 

10 

whcresn C aji-d 0 uRms!.h>ss?sd, X^, X} sund X^j T^yc^^a^sd-ss snd 

Prrfftrabh; the smmursostm-Ail ator>' ohgOnutkcrtKU-S rO^^ge b«tvs-ee« S 40 

ahgenucieotidss In ons? pT-efsred emfcodjment X,X; ss the djKuc^eotide GpA b <iri*"^the 
pretbrrcd ssmK-sdsrseftJ, XjX? iS pfefoabh' the cSinucleou^e TfC dso TpT a panscukrH 
preferred e-nlx^dimeri^ the c^^nsersriJ^ miMif X'jXNC'fJXiX^ prirsedsd {^n 5he 5' e^d by a 1 
^"^snicusarly preiVrfed Cissisens-ys sequ^nce^ a?'? IGACOTT TOACCsTC 

A ^aaisa^j^ chgCvpUt^^^Oiide"' .refers, to m oltge-R^JcieutEOsr ihiH diX?s. pi;^t cf'fstain 
■iii unsi^ethylats^ CpG or aft ojEg^satKlectide whi^h concaiai g snciMUned CpCi dsniic^eoude. 
In a prefer?^ embsKtsm-ent, aeutjalizing ohgoam:]?;(.5;kk compkmet^sarv' to an 

25 lEiiHiimosumuiatory- s^qi^ence, biit eotitatns a msthv^ased instead of as yj^eshjfiaEsd CpG 
dmycieatide sequence a^id LH«refors can ccRipst« for bsndtfif wuh UdmisUvifiaisd CpG 
eonuiaiai. obionvjcl-eoUdes. In a prefm-ed «snbodimes^t, ;iKthv^at]oa occufs at ot^e or 
moj^ of ibe fo^t carfcom and two Jiiiretes^s cisjtipnsmg ths c;-iosm^r six mmsbef ring or st 
Cine nj^r lEore ^>f ?.he fn^ carbons an4 four s^itrof^ns tompn^mg ths g-iMtne mfte member 

?0 douHe nfsi- methyl ^ytfSifse is a preferred msthylsSffd CpG. 

An "immmalx^MlQTy ohgornKJeot^k" n?^ '^m.3-nanoinittbitfsr> CpG 

acuvity oe" viral or CftUu^ar arai^scrsption CsctwsiJs-up|-»on m stsnrasn ofsbs im-esiJiotiH pag"! 
15 8> Preferabk imifjttEcou^hibit&ry {jliganucleot^des ate b«wee-n 2 to lOO bas.fi pwi m si^e and 
can b§ rsfFessnted by tiw formula 

wnsrsm X ~ a nuckotsdc and n = trs the tssig« %>f 0-50 In & pr«terr«?d 

reghred sheet {rule 9t| 

ISA/EP 



"II- 

prersrsbly in sh* range of 8 jo •lO base pairs m £s2s. Prolonged tmniajiostijisuhtion. cars be 

"Palindromic scqueisc^" shal^ mean sa Eavsrts'd repeal (i.e. a sequence siich as 
ABCDEE'D'C'B'A' m which A and A' are ha.^s capabk of fonrsing the tjsa^l Wassoa^Crick 
basi? pairs. la vsvo, s«ch set^U'Snce?; fbrm ciaubk s$3^!idifd .^tmcmres. 

10 

assocssled 'Aith (e.g. iosiic..ayy tsr cvwaJcfitiy boui^d fo; or encapsulated >^'stkifi> a ^sfgelmg 
meaa^ t;e.g. <^ rj3*s<:cuk ?hat j^e^dts irs liigher *fTiRity bsndtrig ts> s^-gsii C5:U it; g. B-ec^ a.sid 
natural Li^k? {NK^ ceU) surfaces a^i^d^or sncrmed oeHyl.£w up5^<; by t^get ceN$>. Examp^ei. 

15 of ohgc-niickotsde deJsv-ssy co{Tip^e!te.s. saclusie oljgGKycleoSides associated wiih. a sierol (e.g. 
choks^-gTOi). 3 lipid fs.g s cationsc iipid, %irDSoa>e or Itpasoms), or a target cell spscifk 
bsrulffig dgers? is.g. a Ijg&rKJ rccogniacc^ bv tsrgsS ccH specific receptor). Preferred complexes 
mu&t be ^^iffscserjUy -stabk in vivo to prevent signifscan: itrKsji^plmg pnor to ifstejn&lfxation by 
the target c^eil. However, the crcmplesi, skiisld be c£e.sv3fok under app?«ipriate cofsdittons 

20 withiR tbe csl) s-o diat tbs o^igonucleodde ss releassd isi a fimcdonal form, 

Aii "hmsmns &y^itm deficiency" shall n\6sn a disease, of disorder in ^Ahsch tbe 
$ubiecJ\% 5t[tmuit« sysi«m is- rtoc tkiatmag m Gattssa? capacity or ?tt wliicfe is wo^d b$ useful 
to bcKJSt 3 subject's isiimime r^rspcase for ssampls to eliminate a tumor or cancer le.g, tumors 
25 of the braia, Img fe.g. small c«i^ and Bon-s-malt c«l.r}, o%-a^% b?«as.t, prostate, coiotj. as well as 
other eaneino-raas ajtd satt-sMisas) or a vtraJ HIV, her|>e§X fofiga^ (e-g. Candaks spx 
bactetiiaJ cur paarasitsc (e g Lesshiuiaaia, Toxoplasma) EnfsctiOR m a sabject. 

A "disease as,^(Xiaii;d with irsMtsuftt s>swrft aetsvatsot^'' -sha^l m« aft a disease or 
30 condiuon eauseed or exaeerbaterd by activation <L*f 5be subject's JxrirauEifr sySTcra Exafnpks 
include syste-mtc ktpuSi (ff^if'them^stosu.^, gepsss and sutoiraitsurte dissases such as rheitniatoid 

A "subject'* sh^l mean a btiman or \'ertsbrsje aaiitial ifiel«siiag a dsg, c-at, 
3S tos^s sow, pii,, sheep, goat, cbkkeiu monkey^ rat, mouse, etc. 
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the cours-e <.>f invcS-tsgatiiag the ^t™phi5C).te* srimiilafon,' effecLi of twc 
oNgcn^ucieoti4e^ .speckle formdogeisc^ r-djovir-al scqiseiiues., usmg prmw=i3l^ 
iiescnhed us tlse atsschcd Examples \ aad 2, it was surpcnsiegl^ foupid tk^^ tvi.=o ouS of tweatv- 
llnif ^aj!\lxthb'''" i,iji^:l,udusg Vi^i^tiS sitmiibletL ieme, asid naism-aSi^ coiiteois for a par^l of 
"a(Jttsa\$i?" ODHj ii!^'^ mediated B cdS stclivatioa sad IgM sftCfigrUois. y-fek the odsi^r 
**eoat«>|g'* bad » eifect 

TwD obsm'ations sugges^^ tjal i»edm»isro of tfess B cell setlwtsa© fey 
ihe "conirnl'' OI>N ro^y m>5 mvolv^ SElissme effects 1 j compiatrisQ?} of venstftste DNA 
sequeaee-s hst-sd in GenBaiik showed net gteatfet fectjix^iogy ttj^^ tlvat s^^R mth Fton.- 
sdmuktt>ry ODN and 2) the two contmh showieii no hybjidizaoos to MortlMm h\ms with 10 

extefsssve purtfka-^ion by polyaCrjissaiide gei destrophoresis. or high pt^-ssuane liquid 
iimomaEsjgraphy gave idsats^^ stiiaubtjois, e^inunating t^ie |>L>ssibilit>- of ari sx£5p-udt>'. 

Shat IjpfjpoH-^^acchsride contamtjiatiors could account for the re'suSts. 

Ihs fact that tW5> "■c^jRJror" ODN e^used B cell sctiit'Micm similar to titai of 
tVi.x> "^aj^Jssftt^se" ODN raised dte passibSHi^ that all i-om ODN x^ett^; sumyiAiing B cdk 
through som« nosi-sndsesse meclianisn:s itivobing a seqisetiCie m-odf that was abset^i In all of 
ihe other norisdmiskitory cositfol ODN. In fcomparisg th^se sc^i\te?5ifc€:3,i \t was discovered Utat 
all of tlie four stmiulatory 00?*^ C'tfBtsisnetl ODN dtaueleoEides that vi^ere in s differsmt 
sequence t<>rstt;xt fioin ih* asMkstjfnulatfjfv Wfjtml 

To detesfmkie whedier die CpG motif presort in th& stimulatory ODN was 
fexpc^s:istbte for tlie obs«n<'©d sJimulaUsn, over 300 ODN ranging m ieiagth. from 5 to 42, bases 
that contam«d me^hybted, lamtedsviaiedj or t^o CpG dimscleoudssi irs v&ni,!!us s-eqifsm:* 
contsKts wcrr? s>Tttl\sssml llsese ODNs. inc^udmg i^be tvv>-j odginiJl "sxwtrob" t'ODN J 
?ji assd wo origJtuUy synthesized as "antisense*' (DON 3D md 3M; Krtegi, A.M J Immunol. 
^-f'i:2448 f wre then examinjed for in. elTects on spfen e«Us (lepressatative 

se^qye-Bccs are Hsted in Table ! |. Scvem.1 ODN that fcoistained CpG dinuckoitides induced B 
cdi^ aeuv5ttio5i ssxl IgM «*:crettQn; Ihe magtistude of tliss stimtiiadoij typicaily could be 
increased by adding moT^ CpG ditu?.d<;=i>tidftS (T<il>Je U t^ompou"*;: ODN 2 to i^r 3D 30>a 
and 3Db). StH?iu!ation dsd Bot appear to result imm. an antis-CESsi;. mechitiissm or tmp'Vtnly. 
ODN c-ausfid no detectable scijvadoci of or Q-t!ief "t cell populaisojis. 



duiiKlecstjd^ v^a,' fi5Ulat«^ (Talsie t . csomjwe ODX 31* to ^Dc; SM IMa, and 4 h-^ 

$ ODN I b Jb and 1Mb 5 coairaiU methyht^on (»f vstber OMsjssivci dsJ jk>i reduce 

OOX K^Ctn ii> ^QDS Ic, ^4 '^De a»d ^Mt) Thase <iata ccmm«tKl e1t*« a Cp<j motif is the 
esscfstia^ eS^rrcvwst prrsmi in ODN that ^tsvsJi* B c^Oi 

iii die ufse *-^f lfee*.« studies, st became u\^&ar thsf tbe bas^^'s ttaaUOsg tl^e Cj:<> 
W dmucleonile '^Uvi^J amjx^rtot mie tn d^-fenmning &c B td\ acn\atit?a mduced by an 
Oi>N I>e o m M mm^aLtO'ry rootd dsserminsd k eo. iKt of A CpG Banked by tv>,x- ^ 
p^apesip^ierahl a Umuckoiide) at^tl two ? pvnmjdiaes tf^ter?sM> ^ Tp I or 1 pt' 
dtrnK:le?iHdej Mtita?Km tjf DDK fa bnrtg ihe i pi* mnjjf obser to tbis tiJe^^^ utf^mved 
sftsttul^in>R k-'i>mpcii« i.H'^N; ^ ZMtQ ih-id) w tik muutsms that diitwl(si she moui 
i 5 reilucssJ stsmulatton i t g Coiaj^jre ODK 3I> ta 3Pt 4 t<n 4b. 4 - aiHl 4d <>t) lb?- oth^r Mmi, 
mytat crj o-tstside the C'niS ttsettdMitS rmt refSsice st^rt^yUuoo (ir g i:<jmpai^ ODN I U M, 
to 3Di; 3M to 3Me). 

Of th«!«« tesied, ODN's shoster tli.33s a te^?-s viTfe non-stimiiJaioo teg; OFN 
2i 4«5 ,^iaosg th^' fom -eight £ hasi« C>I>N lest^d. the mc st susBula^or> sequenoe adentifiied was 
TCAAtXll (iJD\ 4) ■which, mnt&ixis the sf^lf eomptemeD^r^ "paJsikirome'* 4AC0TT l« 
fiirthe? opumiiing this motif, tt wa,^ fvjussti thssl ODK coiJt&mmg bo^ltl ends showed 
mer4;a,<ied sumulaiso-n. pisticuisirl> if the tt^« f'tDN ^^^-re ren-iered avfccJe;^s.-£: rcsssSasit b% 

B GGGGTCAACXl rTT AO<HK>0<o iSEQ ID NO' 1 >X tis wivsds fee tim tvm ajsd last five 
sfttemucJeotuk hrikage^ ar* phasphomthioate mtvhtkd -auti.ed sa avera^^i 35 4 id tt^ttmfi 
ki m^Uos: iplesa veil prL^Bferatson L^>^np^!^rs;d to an average MA mcfeas* m proklesatjoi? 
'rtiuced K l)\ v*to«h has fli« same >equenc* &s i>nN 15115 except tMt the 10 Cs at 
tft^ two ends ait replssc«d 1 0 4s. Thif effect of the U-ncb trmis m as, addjtioR an l ON 

li •v^ith pdy G ert^s but CjsG motjf to eel^$ alcmg with 1 63S pa-vs oo mcre^d pmlifo-atujn 

Other txM3Li«<:r ODN c^fntai-iiiisg s & base palm<J|-ome « TpC dmacJec^de 
at thfc 5' eJK^ ^vere ssctjiv« f iher wets close to the opttrsal im^uf g. ODN 4h,4c> (}tber 
dmiKleoHde'^ at tt^e 5' ead gave re£j\we<l S&titjladuji (eg ODN 4f, a{| -stxte^en pKJSSibk 
IS dtf,i\ii:lt^>tiiji;s '*&n* iir$t&d} The prs?se-nce of a 3' dsatttl^o^icl^; v^i'jfcj mSyfKcieKt to eomp^n^ate 
Rxr the lack iif & dumleotide ODN 4p ihsmpami of tlie palyjilftsm.e clm^uiaLerf 
SkUmulauon 1 1 istianiet OBN (eg , O0K 4h>, but pdiE£koii3e<i were mi r^mtd m 'oager 
DON. 
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5 



Hi« bnem Jvrapht -vse acuvatjt?^ we e m^vsgiyatcd usitj^s ffiouss spleen 
C'eUs \\'h«ii t^ic cdb •!>^eft |su3 ed i^t the saine time 0D\ adc^ttion and harve^t<?<l su<f^ Ib^ir 
!§ I eijrs- k«t, tlicrc v%as a t^v^oiil j«cre^ ^n-^U ncorrarali&n btimolauon 

peakt-d 12^8 hours and tto decreased After 24 h<;>ur^. na tact ODK were d*?§;?cte-d, 
pe ^ aps accoy itj ^g; faf tk- suh'i-equem fall m "iim^jkiuvn w hen punfii^d B- c^^k. v^uh 4 r 

foujKl ir< syn^L iK^iy nctt^^ aK<»t m4old by the n-^-o mitogejifi m vxmtoni.''n iktti 48 
15 h<.'yj<i The naagiiuikk * f -'umiiLiitcm vi^'ai. otisicesittatsy^j dependent afid ci3n.si*ite'RU)' £:\c«de^E 
ikit ■jf 1 tiJid-e-r '■■^pUms.U <>i'?5iiiUo5ii f ' both l>h^4>iR«:^roSides ctwitdsMf^g a fttKlcabc 
ress^tot phosphurnthwate basrkb«.w v^^^je i^pris^mmijK vv^^o hs;ndr«d inaes sivort' ptjtet^s t^un 

b\ Cp&^ODS' ^.'piJ4)DN ifsduce^ cjchng m more th4t> ^55"^,-. of B cells (FaHe 2^ Spiemc b 
^>^>if>htx^jt«'S. sorted hy Oov. c^t<TjBetf>' CD:!5^ te*rg?na3 abc) m.d CUl'^ > (j;>lhcxil^l 
stibfK'pylatJG. ^ w«re equaPy re^potis'^ve iv* QDN- iKli^cffd sts TssiJdtjo ^, as ^^vtr^ both rs'amp 
Mid acuvdsed pomtlatjofi'^ t>{ B C^fflh rabJed bj h^i^nosi^uion aver l^escolt i^raJteotj Fl^e^Hc 
25 iiudies iJem<">t3'^?m«d tts^i CpC-OPX isidiwe Sisemajll\ ^ill a ccib \u eii*er ihs U ac^c 
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lA 








4,i 
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1.1 








.5.5 


7B.4 




IPS < 3^5 ii^j.tnU 




76.5 


12.2 



If i he t» tgemc effeuts of CpG ODN *>ft ^^imMi ceSl^, wer? tcilcd 053 psmpherai 

s-squet^ce &how<;d fso effes? or the proUfe^siion of Ml cpro -tod S^74 cpm (prdJiferaison 
ms,-ssured bv ih>'mtdiJ5e mwrporatiORi of the human ce^s. Hovv^^'ers a pkos-ph^rotkioate 
i S ffi£Jdsfted CpO DDK 3Md (SEQ ID NO: 25) mdwz^ mereased |sx>iif«**tori of 721 0 and 

86795 c^w^ res|*?.ctsveK' m th« swo patimts at a conceitimio» of just 1 pM. Smcs these ccUs 
had been frozsi^, th«?v may haw beeii le&i re* . >asj>.'« to tiie oli^s iJian fe;&b cell* in vi 'o. Irs 
addition, cdh tVo«i CLl. psJiertts typk^ly af« non^pt^Nferatm^, wbich in why traditteroai 

10 

Certam B e-eO Ibcs such as ^ srvdisced to undesrgo growth arrest 

afid'or .^popuisss iJ5 rsapcmse to trsjSSiijlLiiXg of toeir aaJigeii recepiOr by Msti-^M {ialav^y, 
J .F- et al '^CircyAth reguktiot^ of ih* B lym|>b«>j3ia csO Vmt WBRM3 1 by mtl- 
smmmiogbb-u^iEL Upopolysacc Wide aiid olber b&ciersal gjmdu.cts'"' J Immmi^i. H7- 2225 

2S i)9mr, Tsufe^sa, T.* J. Wu arvd T, Honjft: B<sll apoptosis mcJyced by aniige« necepsor 

cnis.'slmkiEg \% hk-Kktd by a 1 -edJ sEgjvsl through CD40." Natuf^ 364: 645 ( §993)), Mil- 
23 \ are wsei-^ed from ihi^^ grov^tt^ *m«st by cssiaan ^tsmuli .wli. ^ LPS ajid by the CE>40 
Hgi^d, ODH i-ositainiij^ th?; CpCs motif were also fomiKl to protect froirs and-IgM 

U3diss:«d growth itm^, bdkatirsg JMt atc^&ssofV' oel^ populations are mi re^jmrnl fof tlw 

30 s€tcL 

To bcun itfsd&rstaad ±& smmuRC effete saim:s£sthytsted CpG OIJN, the 
levels of cylo-kijiss atR^ prostaglaJidins m vitr^f md in wei^s measunsi. Unlike LPS, Cpti 



. If. 



ODN w*rc mn fow^d to mduce pwifi«d macrcphsges Jo pnKtttce fsrosi^taadia FGE2. In 
i&iU xm apparent direct e^f^^ct of CpG ODN wa* delected either siiam>phage,% or T eslis. 
h yf^hi or IE wh^k spten ceMs, ro sigM^cant incrsase in th« follovj.'mg mterleukins- 
Il'4, s>r was d«?&cfed withira ths iirst Ssx hours, Howevcj, the tewl of 11.-^ 
5 iiicr<;ft^d «:tnk.ingly within 2 h%i«ES in tJ-irS senrnt of iEiJiBctsd %vtth CpG ODN, lacreasff d 
expts-esssoEi of 1L42 ami interf&ron g,amm« OFN-y ) by spleco cells was also derusoted wtdsiu 

To deteimlae wkefeef CpO OPH can sasise is vim Immsme sfadmtiaa* 
10 DBA 2 nuc? Vi.Trs' mieeted once mtrapemosieaiiy wjth PBS or phosphwoOyoate CpG « BOtv 
C'>-G Or^K a Jose of "3 mg^-Tsg (af^rcxsmateiv ^fe,''miiu,^i Fliiammcokinetic; studies in 
msce m<l5ciie sUciT tl^a of ptosphorothio^te gjv<^s Ineb^ ^ f appmximMeiy 1 0 jA^g ta 
j;|>leen ii\si^e { w thm ef?«;vti ve eofsce^trauon Jtifl^t^e de-teraiaied from tJ^c tn ^ strcv -smda^s 
dcsknbed N-sr^u^ to ktv:^sr tiiaii tweiicy-fui^f k'ws ? AgfJt^al, S, eri i\99\) Pro^ A^ff- 
15 4o<*i f >S ^ 4! rJt^S s Spkefi «^^1^^ Iiuir imoer ^^ere ev«3:tyied twenty-four hums ^tft-ua- 

Oi>N iTijeonoji tor c\pjc%SK5si oi B t^sli« syjfate a£:tivaEioEiiE^kftrsL5'-t?A>'£;, Bis-I, andcl^te* 
11 MHC usmc v;«. kf t\m critswtrj md for thss ^pd^&t&atom p^ishhm^on usmg Hi 
^iymid E^^tS5.sion c4 ait tee aeavaSioo Rwkers sigm5ftMtlv mc-fsase'd in B 
from msce m?ei,te4 id^i C^^j ODK, bus uos rrom msec ejected wiJh PBS or kob-Oj. T) ODK. 
20 hjxifttat^eoys ^srm^xm: mtotpomtsoa was uicreased fold m ^leoi cells fixxtii s^ce 
mJe?te^i %v3th th* s-ismuJatQij ODN compansd tc^ PBS e*- aon-CpG 0DN-iejj^cIc4 miee After 
4 {iav^ ^ero^i-s lcv«U m m|ee?etJ '^ilh C^O ODN m m-o vsieR: tftcrs«teii h} 
afproTi.imateEv >-fotd Cia-m|^?ed t*-^ c«?iiiiQis Coisssst*. 5 witfe the tnsbUjt^' of tise-se ageBU to 
isi^livsir r Ti^^fe ^"tiss mmuisal ch^ingf ir T e5*|>res?iwn ths JL-^R or €0-44 

25 

iJegradai i^n of |3b ishodieste? OfK m serara is pTe4offlnjEi^n!y foet^Mted by 3" 
exoauc leaser,, whi> irttrace-Uu^^r ODN de^rsadatsun ii morr im<olviRg 5' aod 3 

exotsucicases ana ejidusiycba^i, UsiBg ^ pi*el ODH bemsig tks 3D ssqiteace wsjfe 
^ ar> nt^^ oujubets o^" pho»pbtwthtkJate triodjf ed linkages at the md 3' eadi*,. was 
emrmcally ikicmimed to tv^o ? atvd fne 3 nKKkfied tiakages «r«; feiqmr«st m panade 



Ai? Ue^trihe<^ imtMt detaH sit Ex^pk 4, exp«?iiliwrtts were coisditcCedi to 
35 detsnisme whs-tix-er CpfO CQHtaintEig oligoniKilirotsdcs sukaulaiifil stee aciivtty af r^iua} killer 
(HiL) cdb m ^UditKsts So B c^ih As afiov«.Ti m Isble ^, a m^ed ktduction of NK activiEj 
asiKmg sple^ri cells cuiuji^ wUh Cj<5 1 and 3Dd was obs«fv<e<l. In ccmiyast^ ibcK 
rftlaUvftly m mducdoa in t;ff«jctt.5rs thM bs4 beeti omted witli nojjOpO coatral ODN, 



1 0 \vx."e ftps *i aJ ^^, - ^met^\ to^iisf- were tevt&vl dr icriKNi m ■ I vi'iipJc J -.hawii sn 

TA"k I .sbo^c OD\ t im nm^ « et^n Ut&d ? moists ftv^re tii^q^mituue^^K x ' .sbie i 1,^0,% 



15 



odse? ■k'lCLs iTitjikiV Meih>ldist>Ji or syHstsiytiun of Ih^' cyt^isitse ^ l^X'tj mots J o-«j;>cs t'^ 
Jhan tlist secrj wth tl3<' prrseired CpCi siH^ltl 




0D\ 4id mi miiyci' arsv dsJecuhh Cik- - fins., ekanp-^ m |>?vite n t>?osj pht?sphs?r>latmi:K 
was peiJormeJ a.^ skscrthc^l 7iiSH\ «i at ,( Ant ism^ K^stisrch Ltftd £V rhpmm, S *i i-e^ 



SUBSTmj7¥ SHEET fRUL£ 2fi) 



( W3)j, ard shovi.tsl equivalisnt iissmbran® istadirti, ed1?ilar yptak«^ eff1«x, SEwl ii«raccliul^ 
l.-t?aaii;£at5<tTS. This suggeMs th^si there ms.y -mt he cell membraiis pftstesm spoclllc f«>f CpC3 
ODN. RMbSTT t^iisn actiEg thiougli ifee cefl isjcmbraaei, liiat ds.ta sug^sfc; that uroislhylated 
CpCi m%^i^mg oUg™ude<>title-s Fssjuire cell uptal:c for acti'vity: OE>N covalantly linked to a 
S soitd TefloEi support wetE Ronstiraulaforj', &s wete biotifjyl^ied ODN 5jKimtbUl»&d oii cittttr 
avsdtsu be*d3s or aviiib ii<>md petri disfess. CpG OE>N conjugated to ei^j FITC &r biosisi 
mairted Mi t dtogaiic p3rop«tJS$, kdi-CAliEig nto sten« bndfauft*. 

The optimal CpG m<slif (TQACGrrC- is MeaticaJ to tlj«- CRE fcyehc AMF 
1 0 respome element}. Like Jte mitogenk effects of CpO ODN , Niylifsg of CREB to the CflE i5 
aboJbhed tJis c$mr^ CpO is t^cShyHstel, EtecSropliorc^ic mo^.yit>' ski ft assays w^e ttxed u> 
<ktiST5*ane whether CpG C>I>N» %vhjch are sitigis stmide^, eootd c<3mp*;te: %vith the bindsng of 
B fteH C REB/ ATF proteins lo ihek noraial birsdmg she* Site ikmblestrsmded CJ?-F. 
Competition assays deniOSiSir^SJed tlisi sing k stEianided ODM contamiBg CpG motifs cotjl<? 
! S compklely compete the batidiisg of CItEB to ti^ bifK^itjg sstfc, whik OD?^ wkJiou? CpG ttwitf? 
could no5. The&<s data suppart ihs cov^limon tliai CpO DDK exert tfteir mitijf eatc eHectA 
ihmugh tmefacung wth one or mof& B eeU CREB/ATF pmtems iis some wav, Coovesra-^^ly, 
ttse pjieseiKe of OCG ssqwaees m olt^er sfypicstl CPG morifs nesr tke 5' mdm T of 
ODN likely interact vfilh CREB/ATF protems ia a v^'ay that does not cause ^.tsmtsosn, md 
20 ESi^y ei'VTFH pincvent it, 

'Rts? «.ts»juktory CpO mo<tf is c^stMsisjrt m miotobial g.efiomit DNA, but qust-e 
rafsf tn verteb^^sts DNA, Ixk additiois, b4«cterial DKA has been ?eposied to iaiduc* B cell 
probferation ii?id smmtiHK^giobuJm i\g) pttKiticiwfi, vvhile mammalka DNA does not 
25 (Me^itia, J.P, et d., J Immursa'. i^7;17S9 a^l)). Esperimesits. faxlhev de^cnW m 

Exsimpk X m which tm^hyMim of bstctert^ DNA wjtli CpG metljylas« w^s ifo^aK^ to aboU.^ 
mitogeiJiC3t>", ■clemoftsiraiss that tbe difceacc m CpCi ssatus is tl5e c*tjse of B cjsH sttmulatsots 
by bac-tetial DN A, IMs data supports the foltowiEg coacJusjoa: that wsmethyiaied CfsG 
dtausk-otides p^esetit widiia baeteriai DNA ass t^sporisjisfe fof sttmuktorif effects of 

Tekoiogicaliy, it appears lik«ly that iymptsiocytc »c;ts%'a3ion by the CpG molsf 
reprs^ents an ii^insisftc defease mechanism that 3fee?eby di«-tingiiisli b-acisrial irom host 
1>NA. Host DNA wo-u^d tndtice Httkf m no l>m-sphi>c>te activaiiots 4»$e to n Cp<5 suppression 
35 ^ mclhyisSjon. BafcterjAl DNA wmtid ca^i^ Sctoivc lymphtstytc a&liv&bon in isifecte^J 
ttssu.es. Stae* tlie CpO pathway syuefgszes with B €sli activation thfougl? ths satigen 
reeeptor, B cells imsmg mti$^n receptor spsctE« fof b^tedal aatigcas woiild re<«?ve one 
Ovation sigtiaJ tihro«gh eeO me«ibr^« Ig and a second sSgmtl fVoin Isacteri^l DNA, awd 



would therefore lend to be pteismstialiy activated. Tht mteErelatianship of this pashwav wt^t 
Qtber psfcvays. of B «0 acJtvatj^rs j^twide a physiologic jtmcharsssm empk>><mg a |x^V>x^aEm^ 

5 

I'm use in the imlant iRveKtiosi, ohgomtclsaudes cafs be s>Ttt3ies5zs5i dc msvo 
usuig aiiy Qi a j^miste of pnK«d«ris$ vi-eU tovvu m the art- For eji&mple, ibt ^tymn^thyi 
phospbar&midue me^Mxl (S.L. Beaiic^agft md M H. Cmiii^i>, (1 9g1) IH Ui 22: \ 839): 
1 0 nuck<sside H-piK^sph^>^3ate metiiod i imsgg si d, , 0 986 ) let let. 2 7: 405 1 -4054; Fr (Khier «t 
n9g&S ^8*'.^/ Acki Res. 14: 5399-540?; Osregg et al, (1986) m Les. 27: 4<)S5^058, 
GafefiY SI aL, ^ ^9gg> Tet L^t 2^ 2^\^-7M2\ Thsisi: eh?:msss.riex ca?? be perfom:te<J by s 
variety of avsu^m-gied oligsmtteleoiide ^yn^liesi?j!;f$ avaiSahb in the s^iarkei. Alternatively. 
Liiis:^onucleoS5df s: i^asi be prejKifcd existm^ RUC^etc *cid seqwetKcfi genomic or 
15 c; DN A) usbg km'sT-wi veciuxsqites, ^iKh as the>st atsji^loying i-estrkiion finz>'meA. esonucksisS'S 

Far use in vh'^h olsgosauc^eotide-s ar& pfeiexrabiy re^ativeh"' resjsiant to 
<li?fr^aEior! (eg vjaemlo m.6 £ko- nudeiassst OMgonuckotKk s^-afeiUi^sstton cars be 

20 acccsmpHshesi vis phosphate backfcKme modificaS-kuis. A pt^ferf'ed stabiUzed obgonsickotsde 
has a phos|:>l:>omt^ioaie axxJiiled k^icbofic. Ihs pharm^^^kJlneiic•$ of pbospkow^isosce ODN 
slic'vv thM thffv have a systsrok. Iia^f-iif« of forty-esght h<>UFS m ro^suts md ^.-uggest thas they 
may be uaefy I for in v/vc* jJiJpHcations (Agmw^L S. et si. { 1991 f Proc Mati Aoid. Sci USA 
88"7595}, Fhi')S|;^us^fi^tyoates may be sjrTithesized us-itig aiJtrnnMe.-d lechnsques estipioyitsg 

:25 either ^>bosf!lK?fai:-aidate of H pbosphORM^ ctenistjiies. Aryl- *tlkyl- 5>]Kss.p^K>t^es cai-i b? 
made e.g. ?.a*: d&scnbed m VS, Patcat No. 4,469 ars^ idkylphf.>splKHriesti;fs int whicit 
li^je charged s»iyfe'«n nKsifclv ts. alkylaied si, tse-iscrjbed in li S. pAlent No S,023,243 art-J 
EiTOpears P^Uftni N^d. O'^i.S'M} caii be prepared by au^cmated mM phas<? gyrjUiesiis usmy 
comjvtercsally in-ailab!e ?^^e;5£s, Methods fo-r maku^g other 1>NA backbone nwdificatioiii 

30 md si£bststi5tsoas have hsxn dtscrtb^ iUymatus, K. and Feyman, A. (1990-) Os^w. R^v. 

far adnimiswayan m obg^onttckotsdes may be assacsatfid wth a 
itolccsile tf^u fsssufe sn bijgbet afflmty btftdmg lo r^get cs^l {e.g B-ccU and tiatisral kille? 
35 (NK) $Urt»u"$ aj^il'or oicrestsed csflular yptaks by isrg^l cdb k) form an 

''tsl tg.OBtHleot34c dels vsrj ■com.plex" OhkEunuc^s^o^ide'^ b<r ti^riic^h , < ^iv. ^ktitl y 
<isctK;iated wit^i spprdjuriste mi.4eciile.- yisjft^ teciimquti» whid^ ars v^dl W^wi m the art A 
Vi5n«n i t coupUng or t3««g$httUrtg agents ca» be u?^;4 e g p?*, te« A, catbedumsde, ;i3id Is ^ 



succsmavsdvl-' -ii2-p>'ndljlvtsfli!o) propionate {^FOFl Oltgoeacleofed«s c«n aitemativeh b« 

5 uhwh m nt> wav sbouid be cQitsmted a« feftJujr kimtiiig H^^f tmirs u»ommts of all of the 
ref?a^nces i<fv^?ti)Jira^ Jnemtuit rtfeTs-uKes. is&wd paisntsi^ pubh^sd p^t^^i siipUftatjOas, Aftii 
^Oh-pertdin^- ^^iitut s^\^hmm\i>\ ctted thtot^g3K>«t this appJKatsoE ma betebj ^sxp^b 

Based m ifeer tmmuBt'^stJEJiitaton,' pwpea^es, ohfoeu^ffeUiJes- o^msumRg at 
" jmmure ^%'sttM3i <le^cs«^c> " Altematt^dy . oligonucleotides contmnsft g st ie&st 

htnp>^fcvevle'. < m thftii be reLmplartfeii m ihe .nibiect 

1 snmunostiinulatctrv oJag^iaucJeo-tides c>&n sJw he ^mustered to a subj^'Cl m 
ojtsiusic^ton v^itl) v.ikTmi*. &s mi sd}u%ant, to bws% a subject^ traijjyjte sv^ctra to elfect 
2^ better -i^spo*^ tK>t» tl*e vaec^ise. Pfefetabh the mmietfevktt^ €pC iinucieo&de is 

provs itschi^ toi mc-fe^s.tng 4te re$p««s>'v'e?sci^(. of the maligoanS ssells to isu.b.'veqiieiit 

mursivc cefh InJ^iction of Nk sciivsn ftta'i. hkt*A,ise W Ittti^fSicid m cdDciE'r immiindtke'fiapj 

Disgosiucleiijade-s titai ar« ootsiplemen.t^*'/ to certam tai|fei sesquetKsss cae be 
30 y^-tiihe^i^Sii and adiamts'ered i-o a sybj<x^ v. tvo I- or estanip^s. aatis«iie obf ojaujcJ^ottdes 
hybndisc to cfmYkniesitarv niHK A t|>efeb> f*fe\'iesi.5iniv, expres^^>ts ot a specific tarter ^ene 
Th<?- ?iequ-!*n«'e-spccific efF«rrS,E <pf aistssersse obgonuclcot^des haver msttle tb«rfi u^ifel !r(*.^e8u«h 
too^s fbr tiie ifjV(is»gatJOfi of prot«^iii fm^iiwi. Ph^^c Mi hxtxam (ri^tls ftf systemic anJisensc 
ths'itspy are no^*' unde-ivt'ay for acsite myi!;|.og(?jK5us l-eiikejttb SRt§ I^SV, 

35 

lai^l^ caiT; bt; admiaiste-fed w a subjjeci u> d«tert ike presence o* a compieaientaiy seqyea&e 
iiased on defection of bound ^&b<:l In viva aduujisstfaiEQW aitd deteciton of ob^?iucteotsde 



prntei ix; u^end *\ r ds^^smi^ eettaits diseases are cstased t^r eHasseiimied by cmam 

S diauclsotiik ts methylateil, w<?yld rioE pr<>JiK;e an ?itiai*ine: fcacrtwsa when admimsteiwi 1 3 -"t 

I UNC 5 1 therapy* sj^ eiE&cri t amous^l m apftropnase olsyonucl-SnKt-de 
iQ slnfte ot tk^rm uLs^d as an oh^anucle^^Uvk; d«ln^erv complex can be admmj.-ierol Jo a s^ijbjsct 
H-^ mt> modt. ai owe^ the bgo-nsjc^eotS^e lo hs Ukm by tbj' nspprojimtft target cells i eg 
H'<;ff3is and N'^s c^^!^^ >tefefT«d foiite of aditutii^tJ^tK^R it^ctude c>rg^ aad tranidsrmd te y 
vss a pat*'^ I " >,amfiks n>f\tlie rrsoies of adm ris^tMKf* stK^ude mfe^iison (ssifTcat^^ 

'\i i^hgutttiLk-^uJk- sj«nc Or S^n 4;^lt^0JiiK3ecil^d« ddt\er> ccHispkv <,da he 
isdmmi^^tercJ t> Lvrj ttnctor. y,ith 3 f hamaceuucall v aceepsabk camei 4& ttssd bej^m, the 
phrase "f*J;tcirn ^t,eatica3h 8c;<^pti*ble corner*" iS mt€i ded m-clvjde "^tib^sJance-i. that cam b? 

20 c^sadmimsterciS wth an f*ii^Q«'ttcJkot34s ot an ohgcmycle^ti^ delherj:' compkx m^j aHovifiS 
tlie ol^^Si^nu-leoti^ to pert'f^m tt*. mtsn<kd haictn. ti I xamples of ^uch earners mcitjd? 
•^o'utions. fe-^ %ent; , dispersi^^n media, d^-I^J^^ i^t;ni\ ^mtihions and iie hke The me of s-ixh 
mcdss for ph.^n xciceoticaih acir-^' ^ishsuaces are ksQ^vn m th« an Any oth« 
bikn^^J^i-K^s al csmsf syiUsbk ti^r li^-e- wish the oh^^. Jiytle^-iUdcS- Mh v*ith.U3 the scop? of tbs 

25 tmtant ts-ivfinti™. 

nccessiArs' s, : -^JtVuieTit tc lealss'^ de^tred biologic eSest For <?x^ple, arj eieetive jiaiSKsit 

30 defkjcncv ccula be that aisiouni Reces^isn t^'^ ekmws^te a iimi«>r. csnt^T, or bsctemt, vtjs^ 
hiBf sil tjik^ tKin A.ti et&ctive ajtsoant t<x ii^e a? a \acciii-e adnnmt coyl^l b« that atwowit 
UJie^U tof t>f^(.rsuri^ s itmEyne re^pecv^e tt,> * vstxtt e An "eHbctsvs smk vsrt" of mt 

t^h^^K u*kt>itde l^kmg a non-u^eiii'vlatK! CpO for «^ m mJdtsjjg a disease assoctatetl Wl}) 
liTimime s>i^Scm lictnat^on, could b« amo^itu teees^' It* oufjjomi^e m>r}-awti)Y^ated 

1$ CpG con^ssfirif t^ocieo'ifde se'li:^t^eme^ Tfse effe^t^^'*' itn Cut *«> p^mciikrapplicatiOT 
\w ^ar> dt;|-ict^dm^ on s\^h i^ii^mts^ as the disease Or coft-ditSk>(4 betii^ tretaled, ihs psistsc^io:? 
iCh^igi niKileoti^ie b<?iisg aduitssstemi, die size of tbe *isbj(?£:t, or the s^v^s^nt^ a! tiK di*ve^^ r<f 



ooadiiton, On? 5.sf ordifw)' skiO Its the m cm tmpimdly deimfiin* the eflmive amount of 

IIk; studies ^portal above indicate ttia^ uoinetl^i'Esled CpO coaiaiaMg 
S oisgoiiiicieo-tiile-s are directb iwitogmtc for }>-mphs>£;>tei3 (e.g. B oel^s SKsd KK, cells). To^ed:^ 
with the preseiscs of these seqisEiices in bacteriial UNA, tksse i^s^ilte siiggesst that liap 
tmclmspresentatioK of CpG diouEkod-des in aniiosi genomes, and the -extensiw mefisyiaties 
of e>tosms-s psesent In such diaucl«ot3cks, may be explasrted hy the exisimc^ of an imftstme 
{^efeme mecbanism thai esm tUs.tbfw.%h bacterial fesm t>NA, Host DHA wmild 

i 0 cotajnoniy l>e pt e3«?it in rwiv mmt0mic fegwas and areas of uttlaBijEBStton due to i^ptDsss 
{cd \ dssth), bat ge-eeraliy induces Jittk ot eo lymphocyte activati»n. Howrv^r, the p?t;sesioe 
of bai^i-und DN A e^?Bt;aiMitg ujimethykied CpG moiih csii catts* l^-mp^isijcyte activaiion 
^sfectse^y i^ftxted amtoa^ic re|LSi>R&, it is, b«t>cftc*al "TKis tsovd acti\istti-cin pathway 
jyovidei. ata^-Jsd aUet^ialtve Co J csl\ dependent ai-idgei^ specific B sjell activaton, H-o'vwvef, 

15 it is Ukcly th.jt !^ ccli sctivatiois wcsu^d nos be knaiH' iK?iHSpctU"iC;. B t^Os b<ftSaiag. MWigesi 
sr«CijpUHS ^^'(ev:lik for bactena^ products c<5uld receiw one activation stpial throy^h c^il 
membrajie Ig. atsd a sec-D3Kl &om bacseriiti DKA, thereby snore vigomttsfy triggenng ssitig-en 

20 -^s witJ^ oiber fji^twae defesi-^e tnechanisms-j Ihs response to bacterial DN A 

TOwkl h®v¥ und??5<3Tsibl«f eom«qiiencc^^ m ■some setting;*, For ^xajnpie, autolmjor^yw jtssjxjfjse^: 
10 ajwageR? woiiid aisD tend to be piefbre-nriaUY trigg 6?T«d by tetersstl uifsctions, sta^e 
asjloandgens -could also provide a s«tO-Itd aclivatiOR S^gmU to «iuteRre;aC(jve B fdl& isiggeted by 
bactffrial DNA. ln,de«4 the iaayction of MtinkiMtsuidty by b«iet«ml iinibciioas m e o«jm.moi> 

25 tliniMl yb^ci^fu-icc. For exMtt^e, the wctimnmve dts^:a*e s>'stemic iup«:s ^sytl^emstosus, 
whsch is: s) crvaractera^&d by tiK pmductim) of ajitl-DHA aatibs&dies, ii) mdsieed by drugs 
which sahiibst DNA m-eihylt^ajtstejMe ( C^jmaccfeta, EJ. et al., J. Chn. Immt 92-M 
asjd iuj assocsaied with re<ducKi DNA me^ykli-on i Richaifdscui, B,s L, et ai„ ^Ifgitw 
iJ:64? ( l'>92)X ss likeEy tn^er^d 4t 3eas^ m pan by aetsvado-a of I>NA-sisecific B eeOs 

JO thfou^h stimylawty signals provaded by CpG motifs, a? well ax by biiidtEjg of bacterial DNA 
to autjgsn rsceptos^. 

Further, sispsis, v^hich h eharacseriaussd by liig,h mc*rbidjt> aad eiCfrtaSHy due lo 
m^^sive and tKMii^ptesi^fse acdvation of «ite ittmiune systsrm may be itUtj^^^d bv bsa«5rial D^^A 
35 md ofesf pj\>du«t5 reieased frOffi dying b«t«^s;m that re^ci^ cot^et-itodoits suffk'^^ttt 
direcMy »tlvate smtxy lyfuphwjm 



Lup5is, sepsas md otiii^r "diseases associated with i£amu»s sysJ«Ri sctivatioa^'" 
may be treatetl prevented or smslEora.Jgd by adfsitmste^isji; to a s^bjeei oligorsyc^eotides 
lackteg ut^sncthylawd CfXl dsntKleotitle (e.g. oLigontsck-i&tide-s that do sot mclud* a CpCj 
motif oHgonucleotid&x m vMth tbi* CpG motif is mff?hyl.a.l*5d) to block iht UMmg of 
5 unaitsthyJated i.pG contjaiiistig ftsickk acid Sieqi-teace*, Oisgomtckotsdcs laddrtg 

b^Ofik isma^rss; cell's t^poim U> cither tniSOgenic bac^ssial products ie.g. LPS,5. 

l"be foOowing sen.'©!> so iltetmte rfseetomic-alH' k.>w ohgo5iitcl«otidri 
iCs eontAsnif^g sn isnnisthyktsd CpG dirsudeftude cafs sreat, prev^sfsJ or araelitsmfs slie disease 
lypus, Lu|>u,s commonly though? to be triggered bv bacterial or virai ioJbdjon,%. Such 
isjfectioRS hsv^' reported to stimulate xim p^tiduetkw of rtisnpattegenic aaitibodies to 
siogk s"tfand«'d DNA, Th.es« antiKidies iikely 3•^^cognsze piimmly bacim^l ^querttes. 
iac^ifdsttgt uirjm<;3bybt$d Cp(lij, As t^i^tcase dsfvetops m ktpiss, the asiti-ONA aj)t3lx>dle& shift 
IS to pa}l3o;^enfc inuitxTdEer. rhsr ms. spes^JBc fi^r nksu^le-sm^Kkd DN A., TMse aatsbodies svodd 
Mvi; iiiCTO^ed biodmg for metiiylat«d CpG ssqueacs^ at^d dvew j^Fodisttion would result &om 
a bi^do-Ais tok^faivdft ift luptis. Altmimsvtly, Uj|hj5 may psrsuls \^Ji a patient'.^ ON*A 
becomes h\p,vneih>tated, ijllowjttg imt^DNA ajitib*?dsss speesfic for ursmfiUrsvlated 
CpGi; to bind to se^f DNA and trigger JtK>rs; wd«sp?i&sd sutoimaiusaty through L^e pmcess. 
;refejirsd as "epitope spt^sdmg*' . 



lo estlsier case, H may ise ptmtbk to restore tolerance in lupus psuetjts by 
c-ouplm^ aa^sarnjc oligOTtucle^ude* to a pjatein eamei- «uch as gajCRltta gkibisHa JlgCi). Calf- 
tii>-mus DNA complexed ki ganmsa globulij-j ha$ b^n ttpmM to rcdvsce Mtti-DN A antibody 

25 formaljojre,. 



30 Bao£;d iin dtei r siwaras-tion with CIIEB.''ATF, oli^oKucietmde* containing OCG 

trmuckatsde sequencer ai or n«ax twtb t«rmim have anuwal aclmt>', iEidepetident of my 
aotiseiisfi effect due t-i compkmeatanr;, bet%veer5 the CiH^f5Ucko5i4e «nd the viial se^fumce 
being targ<Scd Ba,^>d on ihts acti'vity, a« effecttv'c amount of iahibltofj.' oHgoauckotidfSi cai^ 
i?e adimnsssnfi'ij to a t^ybjec^ treat or py«veK^ s nrai mfectiOin. 
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-as- 



B ceUs vwre piiniied from spleens obtaaned from 6^ 12 wk tUd Specific 
pssthofott free PBA'^S ur RXSB tmc* (Isr^ m the ltKmmt>' of low* &cw.t.n*l c^ve t^ciMtj , rto 
aobjfSMilj&l $tf&in diffwates were mii^i that wa*e (is;p4eu;4 tsf T ce^h witit ajU^-llay-t .2 ttud 
compietaeat smd cesttrifti^attQit cv^e? lymplioEyte M tCesdarlane Laboratories, Homb>\ 
Onto^io, Camdat f'e ce1b*'k B cells comaiced fewer than 1^* CIM~ or CDS'" ceils. SxUi^ 
B cdh %vw dispet^sed m triplicate into % weJI ttBcrot5t«i pJates m ICM) jil KFMl c<mimm^ 

FBS fheat i«a^U'«*ateit }<* 65^' fbr 30 ma 5€f U-M ^^mefeaptoetljaiKsl I W Wtsl 
pea^cjUtn, 1 00 ug. mi s-trep5i}m>cin, ai^d 2 mM K ^gbtan^ate 20 tiJ^! l^l>N %vcje ad<le-d si the 
"^tarr of cuUwf fn't 2ii h at '^^-''C, cs^ls pulsed wth 1 piCs of undme, snJ harvmed aitJ 
ccMmlcd 4 h? lalrr Ijt: sMrffSing. B cetis ■were emimerat'ed u.smg tbe spftt i!^K^> aitet 

cufttsre- of whylc splre-n wnh ODN 20 \iM few 4?. Iw 0^4, repotneid m TaNe 1 , 
represenl the §linniklK>« cf ufti|yai6d to c^lt? cukttfed wthout ODK Cdls, cultured 
wiitlic^u? f >DN ^Hvt f-hS7 cpm, Viijile ceU.s cultujitvl Vi.3th 20 ng, ml L <detemMK;d bv tiferMtoti 
tvs ihs opuraaS cojicefttrattuitii gavs 99,^**^ q;iai m this expsimieiat. Hi tliymidiBe 
inccrpoiatson assays showed sam^ar irsulis, hut wtk some nonsprnfic mhibitiOB by 
Sb>m}4mc released fe^m ^k■g^^^?d OPN iMamm S A M Kneg 0*^*^* * Nc^Mfecitlc 

and Dsvek-ipfmui 2:325 1 

f >?? cell cycle analysis, 2 X i 0^ B shells Vt-mi cdtynsd for 48 hr m 2 mi tissue 
tuk-iSfir a^eautisi d<s?j(-, or wtth W ng'ml LPS ur vv'tth the tadsc^t^J i^ba&pJiCsFOlhsCKStir ms^aiifaed 

Frc^^ Acud Sci 1^4 -^f :8S1 

Tc test tbs mitogemc eflfeets of CpG ODN on huia^sn oe-ys, p^iphml Moo4 
r3rtt>n.<'»cYte telh (FB^Cs) wore obs^ned twm tm> |wUe»ts mih dtrwiic h-mnkx^tsc 
ieitkeoua { CLL), a dassffise in whtcb. tbe circuiaani: £«lis ate malipusBi B cells, CeMs wet? 
es^Jriurd lor 4$ hrs aisd puS^I for 4 hotjis m&i tritj^ied th'fitydme as^ described abo^e 



Ssn|tie- ceil ssjsperLSEQOs from dis sp^l-ee-iis of freshly killed luice weae treated 

Bxp M^d J ^4 It:-^! % RestJEg B c-edb {^-Ji2% T ceil coniasiuMjoft) were isolated 
troei the 63 ^ 70% hmd of a dssiOotusaCJUs Percoil gradieiiJ b> the pioftedttrft (A DcFratr^to et 
J t^p Mi-d ;i5' 15:3(1 9^2} l^hese vm« cttlftsfM as dTObed above m JO Om o? 



213 ixpml 1..PS im 4S kr. Tbe number of B aeiively setreimg IgM was n^axsmal tliis 
time pokt, as dete-nuined b)' ELis|X)t may (K^ir^mTO, D-M. st ^ 1 Immunoi ! 44:506 
(l^W)) In ih&f. Sv^y* B i^lk were incubated for 6 hrs or smii-Ig co^(^^^l microtUer plates. 
Tli^? Ig they prcwiiioed (>9'^-s LgM) was dicrect-ed usmg pbt>isishatase'la.belk4 asiti-fg (Soistbem 

wcxc vbiU5h^«4 by additlQsi of BCIP (Sifma Chcankal Cj*,, St. iMm^ MQ) v<iixKh fomis SEi 

40 .^pols^wlt -vvEs used to determisie tte toC&l aasjjbcf of atjiibody-secretifig B c£M&'gainpl«?. 
AU assay <^ \^ere perfonned in tripBcsie In ^wme exiiemmiEs, culmre sypsmstanls west 
10 assayed for IgM EXJSa, a«4 stso%vsd similar iRcrsases in re^poi^ ro CpG-ODN. 



table 1 

mmn&ie.I :...3..miLii 

DB \< ^ H -ci^fh v\£'T^ ctdtam] v* iih nt DMA nf W of a't Miunf^occi^s 
\\ ^xiesUii:ii\ Im NZB M ssii yse spk-eis; aiaJ c'i NFS'K rwi^s; geWftJ^ DNA'i fi^r 48 

h^^u-s. xksn fuhsd with '^H ^mmdxm tm 4 b ^ws mor y> hssrv-esi IXiphwdtc ONA 
SvSJipics vn,rfe v^sg&st«d wrstis BhAie I for 3u mutuses at 3? C prit,? to ^jd^fstsois U cu^tiints 

hiJW^ w^mg ihc Fl i^A.>spot assay 

DBA, 2 B ccUs v<cre ?ylt^arei with cstbcr m* sUMstne '^iO ^.ig m« 1 ^^S or the 
0!>\ ], 1 a, , %>r 43! at 20 olvt CelU c«i(yr«d sjr^d Nane^ted 4, 34 mi 4% hi^ms 
EXSB ce-ih wre cultured to m bXiSmpk \ mih 5, 40 ^-^r Sij ^Ni -oJ ( *DN' 1,1a. 4, c-t: 

4,4 m Irs ttM'i sxpenn^ffsit. Vntth no OftH had ^81"^ v"pm i ^ich expert^siesit Vhiis 
pcrffims^'fJ JtTA^? iiiFvC luytes \^Jth ssmste resulti S*<iS!iariJ d^'viauon.i O^rtbc ti^pkcatc welK 
were <5%. 



10 X Kis*' CS7BU6 spleens celts wers cuJiured sn two mi RPMl (sy|>pkmenteid 
30 s£ d^ciibed for Esmiple J ) wltl^ or vviitseiiil 40 p.M CpG or non-CpG ODN for bfty-e-tght 
hours. Cells -^^^ns -v^-asbcd. and ^Jven tased ^ effe&iof eetts m a shon testis ^^O release assay 
wd> VAC' 1 and 2Cl K tw-s KIC setl,%ltsv« target celt Sbe-s iBaHas, K. al (1993) J 
Immunol \ ^?}'A1^ Effector tel^s wete added at %'-asiQ:is5 ccMK&nsrsdoEJs i-o 10"^ ^ kTr-kbebd 
isjrget ceUs V-botmm microd^cf plates m 0.2 tnt, artd incubated io %% CGj fof 4 hr. at 
15 ^^'H":. Plates wers ihui i;$m?ifi.Jge4, atK? ai4 alsqm^i of tlis ■syiye-raatant coimtsd for 

ftsdiOEttSivUy Pere-cm spwifie 3y$i^ w-a,^ lieififtmtMJd by calcuiauEig tbe tMk> of the 5 1 Cr 
rei«i3ijed ki ^he pr^sefsce of effettor c^rtJs miitisi the "^Cr reksscd vrlicfj tb(J tsug*? orUs ar-e 



cyJiured a{on« oser tibe JotaJ coijb?;s released i^^r eell lvsi& m 2S acetac aeid mlBOS the ^ k> 
cp«B rsica.'tsd ^vhen the celU arc cuE mre4 

5 MiC)? wew vi*eijghed ami i^je-cted IP wuh 0 ^5 ml tyi SDeak PBS or tbe 

hjarvffSifejtj., wdshesi, aid smrierf for Bow cylOEaetnf iimng p&yirt-ief>thr^n iro-njugated 6B2 tc* 
gate ^>fi B cello iR oonj^^JUM uitfe biotta soaj«gat«l artt I v-t?A'E or aisti'I-^*^ iPh^mm^in 

Example 6 Ttfraiion (jf P^^>^^f}f!'£fMhf^yf^^ OPS for BX'eU ^rmiJaU&n 

c™s^^-»l OD\ la tiis C ODK Id ajid 3T^h uiidtm eithet rtul^jed after 20 hi with -"H 
1 5 Lsniime or sfl^T 44 hx v^ith H j m^ditse befbffi han,"fi''!aKg Mid deti^misiung cpm 

WI;H1-231 celb (5 x lO*/v<d{) vv«re cuttitred for I hr. at ?7 C in the pjt;se»ce 
20 ot abssace of LPS or site control ODh law tiu? C{>G ODK 14 afsJ JDb l>s;fcre additton of 
anU'IgM i I f^ml). Cells were cuifupisd for a fuitfeef 20 hr. before a 4 fer. pulse with 2 fiCy^'eil 
%J fhs-mklm? in li5k cx3>erim«til, celh v^itK no ODN or anti-l gM gavs W 4 x I O"* by 
gsddiuon of anti-I^M ITie phospfeodasster CDS' sha^wi m Table i gave smyiar protettioTi, 
timigh vvits? Sivme nORSp^jCi^fjc supp#es,^?«fn dais li-^ OT>fi de-gradstjois tssch f xpeniniTTst ■^us 
15 repsated at lei"! S isines vsth fe^uHs^ 

DBA'^ fetnale imc-e p sbos. old J weife iftjeettid IF w'tits 500|J:g CpO or coatrot 
phc-jphotothseate ODN. At vaf^ous fee pamiii Alter ifij-ectjt ji. th« mjce w-ere bled I' wo 
30 mic€ v^^s^; stiidi-ed for eaeh liisie pomt. IL'6 measatisd b> Hli sa, mA catsce^traltDJi 
-A'as c^eulated by mTOtmson m sKsndaKl curve generated iismg rec-on^bmant JL'6. Th« 
sen^iti vjt> >of ^hc 3i$&ay was 1 0 pg.'m3 I .eveJs w«re yi>detecSsbl« <^ft€'r S IxL 

Kximipk 9 Sindrnj ^' qfBc^U CRFB''ATF m a riidii}!ahe:ll^d doahkstriiFidsJ 
€RE probe (CREB^ 

Wboi^ ceU ^xxra^;|:s iKsm CB12.1X B cells J^howei^ 2 tstaj-ded baji<L? whan 
analyzed b> rMS-\ with tlie CRE pfob« ifree probe is offtlie bottom of the isgure). The 



wo MfSSSSi 



CREB/ATT |JTOi«mts.) bindifsg to the CR.E wwre com^^eted by tiis iiidieatal siimisiju of cold 
CRE, aid by smgk"St3raBskd CpG ODN, but not by n«rt-C|>G ODN. 

Hwse skilkd m ihc art v«y rt&copixe, Of be abie to a^«stam using no m^fe 
thaii foittme ex.p«nmcRtsston, rsk^^y fiq«ivaleoL\ of the speciiic eitibodimeists of th*: mvenEi^iEi 



Ui) TITLE OF IWVWl-SOfJ; If®^CiMarstt;:^TOS^- OL^S!m?CIoEOTSOllS 

^3.^ <ie ST^TE STREET. S^JITK $10 

(CSi CITY 3 BOSTON 

xD') STATS ^ S^l^S^ACHUSETTS 

ih] O^iKITSft^ IBM P-:: c^«npstibts^ 

OPSPJiTIS^G SYSTEM- 3;-C-lX>S''KS-U0S 

;t>) s-ori^ii^^ ASCII t&KLt 

lA,t A&^-L.ICAT10K SfimSR TO 

iCJ R^FERSNeS/ SOCKET KTJMSSR^ UTS-OlSCS" 

%8f Tr*^F^:, t£i-7;2s-?-fesi4: 



i.SH!3Tl-); i& pairs 
1^, ;i Mvi.^cuLE T^rs. 



SSOU^B DSSC3^^?*T^QNi SSO ID IKK) '5. 



LOKSTJ^ 1^ hass pairs 

a-^ Ir^sJv^LAlJY linear 
Hi) HvLSCm^ TYS>£. 0HJi 



^A. LI£tiSa*ni, 1^ bssss pairs 



SO 



wo ^fiita^s 



(ft.! Nas^5/F.Sy; msec festvr^i 

mi UK;.M:im'. xj 

{2} TNFC'SUHAtlOl,* FOR SBQ IZ^ 
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SEQUENCE SESCSSPTIONi :3.g0 10 KO : 7 r 



»32- 



SStQU^JJ^C^ C^I^ACTERISTICS- 
IA^ LKJJcrrh^ so bass* p&^irs 



20 iix'i FEimim* 

iEj USGjSiTieiJSi. S 
11,^^! V IN Fi "Ev 

40 

Ei.'SJlqi^si.i! 3<5 J5a«e pairs 
sl^S TYPE.; mscl«!::s.e 



Msc react- '-c 



,<P sucleic acid 

2 T\iPCUli^J>; linear 



SB! LOCATT.C^^ 

IN? Tic-sff wru M0> 1^ 

ik' Lliir.3tM £C bass 

^1) T^-^fy^VllVV K5K S£g It) 11 



u-^ STR^«lt5ED:}JS5S : Single 
U.' rasCLDGt: linear 



G\QAJ5.a ,V T 



C oTkMTiSJWSS Si sf*e 
ij JC^ TV^Ik ThA 



12^ Ih'F'-C«''*^-^^C'M S£i ID ISO IS 



SB! LOCaTISSiTs 14 

OTHl^ \Sl^?sKKnO?-. "^N indicates S nsethyl cysc^srae^ 

! 1>1 T0S>Ol-OSY : ; ijisar 
-itl^ "^;t'S'TCS DESCEIFTI3X SE^ ID S?0 l'^ 

-,zx.'> m^SiTJLi. DMA. 



■Aj tK^^^TH- ?r! tasss- pairs 



■A: LENGTH: 2S b«>6fia J>i3L-(rs 

; r : T-opouTicri' ■ 1 ; i-.e^ - 

i±±i »L2CSJLS TYPE; mh 



V ' ^ Vn i- Ji.\Ttr*its^ SEC Ni; 



iSS TVPS: TASclfsic acid 



sC 5imjgSMWNmSS . single 



TYPE, ^suci^'^.C aci^S 



and coEstamng ,2: Ita^^t o-t>? ^iR^?ii?lh>Jsted CpG dmiiC^&oJtde 

v^h^'teih C aR4 0 ar-s UTimslh>k?ed, X^. iy:?d .sfe nycscntsdcs and 

a CjCCf trsniscl'e^'stid^: ?e;^!^.itrE>Cc iS. ivol presietiS at or rse^,* th^; ajK? T s^riTi^^i, 

> l>l<r olsgOtkiC^eotjiJe of claim 2 ha^a^g f^N^Spiia^fi bacLbosse 
•I The oagonucl^ot^de of claim 3 wherem the phesphsss b^tikbose 
i Tbe <?|igs3nm:^eatsd« fif clairo ^ comprising ifee foib^vtsj^ nucleotide 



f OGGOTC AAmTTGAOOGOGG r CSBQ ID HD: 1) 
e> The ChEsgtJRUcktttde of c^^hb 5 hAvttsg a pho's.phx^te b&fkhnree 

tKtfJsftcJSjon IS a ph^s.phoroth3oat« modification 
ftksm I md 4 targeting meafts 

^ .■^ji ol3^iosi5icJ;&o!jd« delivers c<fm.pEfe.\ at\laim Js^, ifec tar^etmg 

s»e-am 1$ $ei«cted tT«>m the group co-itsistmg ^ 1 ctok«teroL viroso-m', 



RECTIR£D SHEET (RULE 91 ) 
ISA/EP 



and a pMrc^weutkaliy aeceprabls earner, 

1 1 A pharraaceadcai oi>mposUls>n compfbrng tht^ oli gcursac seotidc of claim 
and a phsum^AUtjcaify acccptshk c-ajrier, 

]2. A metiiod for a^uvatrng s subject's B c«n^ c>»Rj|3^tsaig ci^ritsctiag die B 
ceHs with an eflfijctive ajtj&unif of tte oisgotsacitotsde of claim I . 

1 1 A raetb^Kl for acnvstirtg a subtieci's B cdb comprismg corai^cUrsg itie B 
cerii. wth ars cfTtcuve aniount of ^^^>e olsgoRUcleotsde of dmm 2. 

H A metliLxl for acsivatmg a subjem's nantrStt kiH^r teUf; comprisUig 
contacimg ilie kilkx <:eEls with an dTectsve ss^ouni of ike 

olsg<.>E5U'kieoi5d£ of thiim K 

5 5. A rnslbad for actsvatiag 4 subject's mssural kill^f cells compfi^i'lg 
ctmtactifig the tjjitural kilbr ceUs vv^tis etSec-fivt; awii-u^il of the 
ohgonwtis^tide of daim 2, 

tfi. A method foj ireating, preventmg or aLmdsQtadfti m immm^ <,ystsm 
deficEcmy in subject c<«pismg ad.Ti3mssiem>g to th€ sybsec^ &s:i effective 

a cesmiwsision of el^um I vsvo. ihet^by pToducmg activated 
llifrraphocyte*;, md 

b) re;idmmssS2nng tb« sKlsva^eii lyrapbtxite.^ obtained in step a> to 



civ,3s% MEH31 E?i is suh;ec5 CQm]^*5'im^ adsii-at's^iffriR^ to iht ati^-i^'^-s ai'i efi?'Cti^e 

\ tjjetiicKl ot claim I ^vhers'it^ ih« ^«^ocs3ted vit^ imtiiur^e ^> sica^ 

ri A ^^ihod of z\mn\ ] ■> %^heT£in ih« di=i-eas.^ aj^sti^iMted '-^ th ininune 

2 ^ An ^mprmed metJiuJ f^^r m vivo dia^ivo^e^ ^'^UgctsycSecttijs 
^■rcib*^ ::i>mrn;^m^ metbyhtmg CpG c^^ntamirigo ^goauc bouses pnor to 
aimimsttat:an ?o a subject 

^-1 \f5 al5g^nyc§eo?ici& v-hich s<i capasSs? of iBierferr;«g with ihc s%x-ti^st> 

25. ,4b oii|©SMekoiye of ci-aim 24, vtliei-eia X is a pyriiBldine. 

26, Ass. etijfm?icle«dt &f eMm 2S, mteelE Xis. is a CpO 

of cl&m 24, 



RECTIFIED SHEET (RULE §1) 



i?rrrKNATi<?NAt search mBiiRi 




IfC S O7Mj:i/00 n2Ql/6S A6IK3i/?J^ 










IPC 6 C3?H Cl.-^ Am 




vstsis lit a« IRSds :iHaifdwd s 




se»f 1* wane* ssssssii! 








i. £P,h,0 m SCO mnJl '€ATSfJ c^mck^s. 
i m ) 2^ January im 
i see m& whesl* <?oeyasent. 


^ 


[ p«fss 751 - 766 

§ see the ¥fm\B ctecumeflt 


I I r 




.JiflAUf^ J lu Nb *( es^-^^ (X-KlT "'W' *^ WKlffltKial us* iSftilcA** ^m-x . » S±!»ait1,*,l, IJt. 

w*W!J iS is^s* to *s*4*sish &i 5^ ifc«!SCT>i!ni-f< jiirti>vi*i T<jfM»ia«; iiS>i ti4Ka>*^ jwwiwsCi 






4 Jti^ji 1995 T : U Bs; 


K«R5j»*E- i'»Ssfm ii>?rss«:i P.Si >JH $ piissjssiiiiiri i 




pig* I &f Z 



A JOURNAL or VISOLOGV, 

R,R€PASK£ ET At- 'Hucleot^de Secuescs 
the env"$¥i«c:if Se9-flie?it. af 

ae€ ths whole do-ckilflfeft 

A ^ jmmMl OF 

L.WirF ET Al. 'Seqy^nc^ Comparisons of 
the Ai^e^ia- snd ^o^^€yth&inU-l!^<^i^Clft§ 
Strains of Friesid' 

.4 mmkl OF VIROL^Y, 

A,C.MASSE.V" £1 AL. 'Origin ef ^a^h^Jg6n^c 
Dgtemifi^ats of R^ws^inant Myr^n^ 

the wtel^ aacusosfit 
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